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CONTROLLER OF VACUUM BRAKE POWER 
BOOSTER 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a controller of a 
vacuum brake power booster for vehicles. 

[0002] There is a poWer booster such as disclosed in JPA 
11-129889. Further, JP W 11-505489 discloses a electro 
mechanically controllable brake poWer booster irrespective 
of the intention of a driver, Which has a function of opening/ 
closing a valve mechanism, linking With a brake pedal 
operated by the driver and in addition thereto a function of 
opening/closing the valve mechanism, based on balance of 
electromagnetic force of a solenoid linked With the valve 
mechanism and spring force generated depending on dis 
placement of the solenoid. The valve mechanism adjusts an 
air ?oW rate betWeen a ?xed pressure chamber and an 
operation pressure chamber of the brake poWer booster, 
causes a pressure difference betWeen the ?xed pressure 
chamber and the operation pressure chamber and applies 
pressure to a brake liquid in a master cylinder. The pressure 
is transported to a sleeve cylinder of each Wheel and brakes 
the vehicle. 

[0003] In such a brake poWer booster, When brake is 
effected irrespective of the intention of a driver (hereunder 
referred to as automatic brake), a How rate of air passing 
through the valve mechanism being opened depends on an 
opening area of the valve mechanism determined according 
to balance of electromagnetic force of a solenoid, spring 
force, slide resistant force of a seal material and a difference 
betWeen a atmospheric pressure and a pressure in the 
operation pressure chamber, and a pressure difference 
betWeen the ?xed pressure chamber and the operation pres 
sure chamber or betWeen the operation pressure chamber 
and atmospheric pressure. The air ?oW rate relates to the 
pressure difference betWeen the ?xed pressure chamber and 
the operation pressure chamber, and directly relates to a 
speed of pressure increase or pressure decrease in the master 
cylinder. For example, in the case Where the automatic brake 
is operated at a negative pressure (for example, 350 hPa) in 
both the ?xed pressure chamber and the operation pressure 
chamber, current is ?oWed into the solenoid to open the 
valve mechanism, air is ?oWed from the atmosphere into the 
operation pressure chamber and a pressure difference is 
caused betWeen the ?xed pressure chamber and the opera 
tion pressure chamber. When it reaches to a desired pressure, 
the current How to the solenoid is stopped and the valve 
mechanism is closed. The pressure difference betWeen the 
?xed pressure chamber and the operation pressure chamber 
is maintained While the valve mechanism is being closed, 
Whereby the pressure in the master cylinder also is main 
tained. At this time, in the valve mechanism, the electro 
magnetic force caused by solenoid current, the spring force 
applied on the valve, force due to a difference betWeen a 
pressure in the operation pressure chamber and an atmo 
spheric pressure and a slide resistant force of the seal 
material partitioning the operation pressure chamber and the 
?xed pressure chamber are balanced. When the pressure in 
the master cylinder is further raised, current is ?oWed again 
to the solenoid to open the valve mechanism and causes air 
to How into the operation pressure chamber. At this time, the 
pressure in the operation pressure chamber has become 
higher than When the valve mechanism Was opened previ 

Aug. 30, 2001 

ously, and an in?oW speed of air is sloW even if the opening 
area of the valve mechanism is the same, Whereby the rate 
of pressure increase in the master cylinder becomes sloW. 
That is, a speed of increase or decrease of pressure in the 
master cylinder changes according to the pressure of the 
operation pressure chamber. HoWever, from a vieWpoint of 
a speed controller generating a pressure command in the 
master cylinder, the controller can be handled easier When a 
change in speed of increase or decrease of pressure in the 
master cylinder is smaller. 

[0004] Further, in the case Where the above-mentioned air 
is ?oWed into the operation pressure chamber, the slide 
resistant force of the seal material changes according to a 
change in coef?cient of friction from a static friction coef 
?cient to a dynamic friction coef?cient. By the change in 
friction coef?cient, the balance of the above-mentioned four 
forces is broken and the valve mechanism suddenly opens. 
In order to reduce the change in the slide resistant force of 
the seal material, a technique of current dither (DTER) 
exists, Which periodically changes solenoid current so that 
the slide resistant force is alWays a slide resistant force in a 
region of a dynamic friction coefficient. By superimposing a 
dither (DTER) on the solenoid current, it is possible to open 
the valve mechanism more smoothly than When the dither is 
not superimposed. When closed, it is possible to close 
smoothly by applying a current dither in a similar manner. 
HoWever, to superimpose the dither on the solenoid current 
means that the current alWays changes rapidly. Thereby, 
electromagnetic noises increase, Which may be a cause that 
they make it unable for a driver to easily listen to radio 
broadcast, With the noises carried to the radio. 

SUMMARY OF THE INVENTION 

[0005] An object of the present invention is to provide a 
controller of a vacuum brake poWer booster in Which the 
above-mentioned problems are solved and it is possible to 
effect pressure control Without decrease in a speed of pres 
sure increase or boost up Which is caused by a change in an 
operation pressure chamber of the poWer booster. 

[0006] The above-mentioned object is solved, in a con 
troller of a vacuum brake poWer booster amplifying an input 
of a brake pedal and outputting to a brake device, by 
comprising control signal generating means generating a 
plurality of kinds of signals for controlling the poWer 
booster, and means for sWitching or selecting the plurality of 
signals on the basis of an input different from one of the 
brake pedal. 

[0007] Particularly, a brake device comprises a brake 
poWer booster constructed by dividing a shell body inside 
into tWo, front and rear chambers by a center shell and 
dividing each of the tWo, front and rear chambers into a ?xed 
pressure chamber and an operation pressure chamber by a 
front/rear poWer piston having a diaphragm, arranging, in at 
least a valve body supported by the rear poWer piston, a 
plunger connected to an input shaft extending from a brake 
pedal, a valve mechanism linked With the plunger and 
generating a pressure difference betWeen the ?xed pressure 
chamber and the operation pressure chamber and an annular 
solenoid case containing therein a solenoid controlling 
operation of the valve mechanism independently of move 
ment of the plunger, thrusting each poWer piston by a 
pressure difference generated betWeen the ?xed pressure 
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chamber and the operation pressure chamber, transmitting 
the thrust force to the output shaft through the solenoid case 
and transmitting a part of the reaction at that time to the input 
shaft through a reaction disk retained by the solenoid case 
and the plunger; a master cylinder connected to the input 
shaft; a pressure sensor measuring the pressure of liquid 
fully ?lling inside the master cylinder; a current source 
?oWing current to the solenoid; and pressure controlling 
means for calculating one by one a current command value 
to be ?oWed to the solenoid, based on a pressure sensor 
value and a pressure command. In the above-mentioned 
pressure controlling means, a least 4 current commands, of 
high speed pressure increase, pressure increase, pressure 
retention and pressure decrease are calculated, any one of 
the above-mentioned 4 current commands is sWitched or 
selected to be a current command Ir. The 4 current com 
mands Ir are optimiZed for pressure change. Particularly, for 
pressure increase for operating the brake device, a high 
speed pressure increase and an usual pressure increase, that 
is, 2 kinds of commands are provided, and a current com 
mand for the high speed pressure increase is set so that the 
area of opening of the valve mechanism is alWays maXi 
mum, and it is possible to make up a decrease in pressure 
increase speed due to the pressure of the operation pressure 
chamber described previously. 

[0008] Further, the current command Ir includes current 
dither optimiZed to realiZe smoothness of the pressure 
change, the amplitude of the current dither changes depend 
ing on pressure command Pr and a value Pm of the pressure 
sensor. The amplitude of the current dither is made large 
When a difference betWeen the pressure command and the 
value of the pressure sensor and made Zero When the 
difference is small. That is, the amplitude of the current 
dither is made Zero When the pressure control is managed 
Well, and the current dither is made large When the difference 
betWeen the pressure command and the value of the pressure 
sensor becomes large. Thereby, it becomes possible to 
control the amplitude of the current dither to be a necessary 
magnitude, and it is possible to reduce the electromagnetic 
noises. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1A is a block diagram of a construction of a 
controller of an embodiment of the present invention; 

[0010] FIG. 1B is a block diagram of a part of a vacuum 
pressure booster used in FIG. 1; 

[0011] FIG. 2 is a diagram shoWing state transition for 
judgement of current command sWitching; 

[0012] FIG. 3 is a diagram of amplitude sWitching judge 
ment of a ?rst current dither; 

[0013] FIG. 4 is a diagram shoWing an eXample of a result 
of pressure control effected based on a diagram of amplitude 
sWitching judgement of the ?rst current dither; 

[0014] FIG. 5 is a diagram of amplitude sWitching judge 
ment of a second current dither; and 

[0015] FIG. 6 is a diagram shoWing an eXample of a result 
of pressure control effected based on a diagram of amplitude 
sWitching judgement of the second current dither. 

DESCRIPTION OF EMBODIMENT OF THE 
INVENTION 

[0016] FIG. 1A is a block diagram of a construction of a 
brake system including a controller 100 of a vacuum brake 
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poWer booster (hereunder, referred to as the poWer booster) 
of the present invention. FIG. 1B is a block diagram shoWs 
a part of the poWer booster. It is composed of a brake pedal 
113, the poWer booster 101 (for eXample, a poWer booster as 
described in JP A 11-129889), a master cylinder 102, a 
pressure sensor 103, a current source 104 for supplying 
current to a solenoid contained in the poWer booster 101 and 
actuating a valve mechanism of the poWer booster 101, a 
high speed pressure increasing current command means 106, 
a pressure increase (or boost) controlling means 107, means 
108 for converting pressure-current command at a pressure 
increasing time, a means 109 for converting pressure-current 
command at a pressure retaining time, a pressure decrease 
controlling means 110, a means 111 for converting pressure 
current command at a pressure decreasing time, a current 
command sWitch (selection) judging means 105 and a cur 
rent sWitching or selecting means 112 for sWitching or 
selecting a current command on the basis of a result of the 
sWitch judging means 105. 

[0017] The poWer booster 101 includes the valve mecha 
nism 308 and the solenoid 301 arranged therein as sche 
matically illustrated in FIG. 1B, for eXample. The valve 
mechanism 308 is composed of an atmosphere valve 303 
and a vacuum valve 304 each of Which is connected to an 
armature 302 actuated by electromagnetic force applied 
betWeen the armature 302 and the solenoid 301, With current 
being received from the current source 104. The poWer 
booster 101 further includes an operation pressure chamber 
305 and a ?Xed pressure chamber each ?uidly connected to 
a vacuum source 307 such as an intake pipe, a vacuum 

pump. The operation pressure chamber 305 and the ?Xed 
pressure chamber 306 are separated by a partition of a 
diaphragm having a connecting rod (not shoWn) Which is 
connected to the diaphragm at one end and to a piston (not 
shoWn) of the master cylinder 102 at the other end. The ?Xed 
pressure chamber 306 and the operation pressure chamber 
305 are ?uidly connected to the valve mechanism 308 and 
the vacuum chamber 307. That is, the ?Xed pressure cham 
ber communicates With the vacuum source 307 and With the 
operation pressure chamber 305 When the vacuum valve 304 
is opened to cause the pressure in the operation chamber 305 
to be equal to the pressure in the ?Xed pressure chamber 306. 
The operation pressure chamber 305 communicates With 
atmosphere to produce a pressure difference betWeen the 
?Xed pressure chamber 306 and the operation pressure 
chamber 305 When the atmosphere valve 303 is opened and 
the vacuum valve 304 is closed, and communicates With the 
?Xed pressure chamber 306 When the atmosphere valve 303 
is closed and the vacuum valve 306 is opened, Whereby the 
pressure in both chambers becomes equal. The diaphragm is 
moved by a pressure difference betWeen the ?Xed pressure 
chamber 306 and the operation pressure chamber 305 and 
the movement of the diaphragm changes the pressure in the 
master cylinder 102 through the connecting rod and the 
piston. The piston also is connected to the accelerator pedal 
113, so that the pressure in the master cylinder 102 is 
changed also by the accelerator pedal 113. 

[0018] In this manner, the poWer booster 101 has a func 
tion of controlling opening/closing of the valve mechanism 
by ?oWing current to the solenoid to control the pressure in 
the master cylinder 102. In the high speed pressure increas 
ing current command means, a current command having 
been adjusted in advance so that the opening area of the 
valve mechanism becomes maXimum is retained. The means 
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108 for converting pressure-current command at a pressure 
increasing time converts from a pressure command Pr to a 
current command Ir, using a relation at a pressure increasing 
time betWeen a pressure of the pressure sensor 103 and 
current measured in advance. The means 111 for converting 
pressure-current command at a pressure decreasing time also 
converts from a pressure command Pr to a current command 

Ir, using a relation at a pressure decreasing time of a pressure 
of the pressure sensor and current in the similar manner. 
Judgement of the sWitch judging means 105 is determined, 
based on a state transition vieW of FIG. 2. 

[0019] A cruise controller 117 of this vehicle calculates a 
target speed on the basis of a speed of this vehicle, a speed 
of a preceding vehicle and a distance betWeen the this 
vehicle and the preceding vehicle, and calculates a throttle 
opening command and fuel injection quantity command of 
the engine and a pressure command Pr of brake liquid in the 
master cylinder 102 so that the speed of this vehicle becomes 
equal to the target speed. The pressure command Pr is 
transmitted to the present controller 100. The throttle open 
ing command and fuel injection quantity command are 
transmitted to an engine controller. 

[0020] An initial state is retention of a retaining state 201, 
a value of the pressure sensor (hereunder, referred to as 
pressure Pm) is retained as Zero, and the current command 
Ir at that time is Zero. When the pressure command Pr 
increases, a value of dPr/dt is positive. When it is smaller 
than a pre-set value [3, the state is shifted to a pressure 
increasing state 203. This corresponds to a case When the 
pressure increases sloWly. On the other hand, When it is 
larger than the pre-set value [3, the state is shifted to a high 
speed pressure increasing state 202. Further, When the 
pressure Pm is a value other than Zero and the state has been 
shifted from the pressure increasing state 203 or pressure 
decreasing state 204 to the retaining state 201, the current 
command Ir is retained at a value searched from the means 
109 for converting pressure-current command at a pressure 
retaining time so that brake force generated by the brake 
device is kept constant. 

[0021] Further, in the high speed pressure increasing state 
202, a change in the pressure sensor 103 is observed, and 
When a dPm/dt is larger than a pre-set value ot, the state is 
shifted to the pressure increasing state 203. This means that 
the pressure in the master cylinder 102 increases at a high 
speed, the speed approaches to an increase speed of the 
pressure command Pr and it became unnecessary to be the 
high speed pressure increasing state. In the high speed 
pressure increasing state 202, the current command Ir is 
retained at a value at Which the brake force generated by the 
brake device increases at the highest speed. 

[0022] Further, in the pressure increasing state 203, atten 
tion is given to a pressure difference AP and the pressure 
command Pr. In the case Where the pressure difference 
AP=Pr-Pm becomes small and becomes smaller than a 
pre-set value P3 and a time differential of the pressure 
command Pr becomes smaller than the pre-set value [3, the 
state is shifted to the retaining state 201. This means that the 
pressure command does not increase and the pressure com 
mand Pr and a value Pm of the pressure sensor 103 became 
equal to each other. On the other hand, When a time 
differential dPr/dt of the pressure command became nega 
tive, that is, at the time of pressure decrease command, the 
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state is shifted to the pressure decreasing state 204. In this 
pressure increasing state 203, a feedback control is effected 
on the basis of the pressure command Pr and the pressure 
Pm. An intermediate pressure command is calculated from 
the pressure command Pr and pressure Pm so as to increase 
folloWing the pressure command changing alWays, the cur 
rent command Ir is searched from the means 108 for 
converting pressure-current command at a pressure increas 
ing time and set. Further, in the pressure increasing state 
203, it is suf?cient even if the current command Ir is a 
constant value. 

[0023] In the pressure decreasing state 204, also, attention 
is given to the pressure difference AP and pressure command 
Pr. When the pressure difference AP=Pr-Pm became smaller 
than the pre-set value P3 and a time differential of the 
pressure command Pr became larger than a preset value y, 
the state is shifted to the retaining state 201. This means that 
the pressure command does not decrease and the pressure 
command Pr and a value Pm of the pressure sensor became 
equal to each other. On the other hand, When a time 
differential dPr/dt of the pressure command becomes posi 
tive, that is, at the time of pressure increase command, the 
state is shifted to the pressure increasing state 203. In this 
pressure decreasing state 204, a feedback control is effected 
on the basis of the pressure command Pr and the pressure 
Pm. An intermediate pressure command is calculated from 
the pressure command Pr and pressure Pm so as to decrease 
folloWing the pressure command changing alWays, the cur 
rent command Ir is searched from the means 108 for 
converting pressure-current command at a pressure increas 
ing time and set. Further, in the pressure decreasing state 
204, it is suf?cient even if the current command Ir is a 
constant value. 

[0024] The current command Ir is sWitched or selected by 
the current sWitching means 112, based on those 4 states 
Which are a result of the sWitch judging means 105. Thereby, 
it is possible to effect pressure control Without decreasing a 
pressure increasing speed, by using a high speed pressure 
increasing current command When a pressure increasing 
speed of the pressure Pm, and using a pressure increasing 
current command When the pressure increasing speed is 
sufficiently secured. Further, it is possible to retain the 
pressure Pm, using a retaining current command When the 
pressure command does not change, and it is possible to 
decrease the pressure command Pr and the pressure Pm at a 
suitable a pressure decreasing speed When the pressure 
command Pr decreases. 

[0025] Further, by a current dither control 115, it is pos 
sible to effect more smooth pressure control. For a current 
dither, an amplitude of the current dither is determined by a 
current dither sWitching judgement 116. A?rst current dither 
sWitching judgement is shoWn in FIG. 3. In FIG. 3, an 
abscissa is a difference betWeen a pressure command Pr and 
a pressure Pm and When the difference is Zero the pressure 
control is Well effected. An ordinate is a change rate of a 
difference betWeen the pressure command Pr and the pres 
sure Pm (d(Pr—Pm)/dt). Four planes divided by the tWo aXes 
each have the folloWing meaning. In a ?rst quadrant, the 
pressure command Pr is large and its change rate also is 
large, so that it is necessary to positively increase the 
pressure. Therefore, the current dither Which is larger by +b 
(for eXample, 0.1-0.5 A) than a standard current command Ir 
is applied. In a second quadrant, also, it is necessary to 
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increase the pressure, so that the current dither Which is 
larger by +b than the standard current command Ir is applied 
as in the ?rst quadrant. In a third quadrant, the pressure Pm 
is large, so that it is necessary to positively decrease the 
pressure. Therefore, the current dither Which is smaller by c 
(for example, ODS-0.3 A) than the standard current com 
mand Ir is applied. In a fourth quadrant, also, it is necessary 
to decrease the pressure, so that the current dither Which is 
smaller by c than the standard current command Ir is applied 
as in the third quadrant. Further, a region having a band is 
provided, in Which region the current dither is made to be the 
standard current command Ir :a (for eXample, 0.01-0.1 A) so 
as to converge on a standard point at Which the control is 
Well effected. Further, the dither is not applied to a portion 
around a cross point of the ordinate and abscissa in Which 
the control is Well managed. FIG. 4 is an eXample of the 
pressure control based on sWitching of dither in FIG. 3. The 
pressure command Pr increases at time t1, and pressure 
increase and pressure decrease are repeated alternately. 
When increasing in pressure, a current dither of +b is applied 
and When decreasing in pressure a current dither of —c is 
applied. After time t2, the pressure command Pr and the 
pressure Pm are equal to each other and current for retaining 
is ?oWed Without application of any dither. 

[0026] Thereby, current dither is applied When pressure 
increase or decrease is necessary, the current dither is not 
applied When the pressure command Pr is constant and it is 
necessary to increase or decrease the pressure, Whereby it is 
possible to reduce electric Wave noises. 

[0027] In second current dither control, an amplitude of a 
current dither is determined on the basis of a change rate of 
pressure command Pr, as shoWn in FIG. 5. That is, When the 
pressure command Pr is increasing, the amplitude of the 
current dither is increased up to an upper limit auplirnit (for 
eXample, 1 A) according to an increase in change rate of the 
pressure command Pr. Further, When the pressure command 
Pr is decreasing, the amplitude of the current dither is 
increased up to an upper limit adOWnlirnit (for example, 0.5 A) 
according to a decrease in change rate of the pressure 
command Pr. Further, When the change rate of the pressure 
command Pr is a prescribed value or less, any current dither 
is not applied. FIG. 6 is an eXample of the pressure control 
based on sWitching of the dither in FIG. 5. The pressure 
command Pr increases at time t3, and the real pressure Pm 
smoothly increases according thereto. The pressure com 
mand Pr is constant betWeen time t4 and time t5, so that the 
current dither is Zero. The pressure command Pr decreases 
from time t5 to time t6, and the real pressure Pm smoothly 
decreases. At this time, the current dither of an amplitude 
down?mi‘ is applied. In this manner, the current dither is deter 
mined on the basis of FIG. 5, Whereby the current dither is 
applied When it is necessary to increase or decrease the 
pressure, and the current dither is not applied and it is 
possible to reduce electric Wave noises When the pressure 
command Pr is constant and it is unnecessary to increase or 
decrease the pressure. 

[0028] According to the present invention, it is possible to 
effect pressure control Without decreasing a pressure 
increasing speed the cause of Which is a pressure change in 
the operation pressure chamber, using a high speed pressure 
increase current command When a pressure increasing speed 
due to the pressure in the operation pressure chamber is 
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sloW, and using a pressure increase current command When 
the pressure increasing speed is sufficiently secured. 

[0029] Further, by determining a current dither amplitude 
on the basis of a difference betWeen the pressure command 
Pr and the pressure Pm and a time change, it is possible to 
minimiZe the time of application of the current dither and 
effect smooth pressure control With less electric Wave noises. 

[0030] Further, by determining a current dither amplitude 
on the basis of a time change of the pressure command Pr, 
also, the time in Which current dither is applied is minimiZed 
and it is possible to effect smooth pressure control With less 
electric Wave noises. 

What is claimed is: 
1. A controller of a vacuum brake poWer booster ampli 

fying an input of a brake pedal and outputting to a brake 
device, characteriZed by comprising 

control signal generating means generating a plurality of 
kinds of signals for controlling said vacuum brake 
poWer booster; and 

means for sWitching or selecting said plurality of signals 
on the basis of an input different from one of said brake 
pedal. 

2. A controller of a vacuum brake poWer booster accord 
ing to claim 1, Wherein said plurality of kinds of signals 
comprises; 

(a) a signal for increasing the brake force generated by 
said brake device; 

(b) a signal for making the brake force generated by the 
brake device constant; and 

(c) a signal for decreasing the brake force generated by 
said brake device. 

3. A controller of a vacuum brake poWer booster ampli 
fying an input of a brake pedal and outputting to a brake 
device, characteriZed by comprising 

control signal generating means generating a plurality of 
kinds of signals for controlling said vacuum brake 
poWer booster; 

means for sWitching or selecting said plurality of signals 
on the basis of an input different from one of said brake 
pedal; and 

means for sWitching at a high speed amplitudes of said 
plurality of kinds of signals on the basis of at least a 
brake liquid pressure command and a brake liquid 
pressure. 

4. A controller of a vacuum brake poWer booster ampli 
fying an input of a brake pedal and outputting to a brake 
device, characteriZed by comprising 

control signal generating means generating a plurality of 
kinds of signals for controlling said poWer booster; 

means for sWitching or selecting said plurality of signals 
on the basis of an input different from one of said brake 
pedal; and 

means for sWitching at a high speed amplitudes of said 
plurality of kinds of signals on the basis of at least a 
brake liquid pressure command. 

* * * * * 


